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ABSTRACT 
Ti6Al4V alloy is a well-known material for biomedical application due to the very excellent 
corrosion resistance it possessed. Copper is an excellent antimicrobial property and has been found 
to stabilize the immune system of the body activities. In this present study, laser metal deposition 
of Ti6Al4V/Cu composites have been conducted by varying the laser power between 600 W and 
1800 W while the scanning speed of 0.005 m/s and other process parameters as depicted in the 
experimental matrix were kept constant. Widmanstettan structures were observed in all the 
samples at high magnification and lose their coarseness as the laser power increases. The 
microhardness values of the deposited composites were varied between HV335 ± 27 µm and 
HV490 ± 73 µm. The surface behaviour and the morphologies of the composites were evaluated 
under the SEM after soaking for 2 weeks. The simulated body fluid (hank’s solution) was 
maintained at normal body temperature of about 37±1oC. The surfaces showed fracture topography 
with porous bone-like and snowflake structures.  
Keywords: hank’s solution; laser metal deposition; microhardness; microstructure; surface 
morphologies; Ti6Al4V/Cu composites 
1. INTRODUCTION 
Titanium and its alloy is among the light metals that has exceptional properties. The alloy has been 
used for biomedical implants due to its biocompatibility properties. According to Wikipedia on 
“Titanium biocompatibility”, the alloy has the ability to resist the body fluid attack and become 
principally attached to the body tissue of human [1]. The biocompatibility and mechanical 
properties of the alloy can be greatly affected by the corrosion of metal implants. It is expected 
that any material that will be used for implants should necessitate a good resistance to pitting and 
crevice corrosion in the body fluid [2]. Due to the metal ions released in some metals, corrosion is 
the first priority to be considered before the insertion into the human body [3]. In the Science of 
Loren Pickart for the discovery of copper, the peril of copper deficiency in the body of human is 
much higher than its excess in the same body. The insufficiency of copper can contribute to a host 
of health crises such as cancer, depression, cardiovascular disease and brain malfunction. The 
presence of copper in the body stimulates a warm flow of healing energy.  To a tolerable and 
allowable upper limit, the World Health Organization has recommended the intake of 10 mg of 
copper per day [4]. The risk of implant degradation was minimized during the modification of the 
surface of titanium alloy (Ti6Al4V) to boost bone ingrowths and strengthen bone formation to 
create firm osseointegration between the host bone and the implant [5]. The addition of 1% of 
copper alloy to Ti6Al4V has demonstrated an elongation which is similar to the normal Ti6Al4V 
alloys and resulted into ductile fractures. The addition of copper has also increased the bulk 
hardness of the alloying composites [6]. The microstructure and mechanical behaviour of pores 
during Ti6Al4V powder sintering have been investigated and the results revealed that in order to 
enhance the behaviour of Ti6Al4V for bone application, stiffness must be reduced to generate a 
porous structure [7]. Titanium alloy implants with rough surface topography, well-controlled 
porous structure, and bone-like apatite layer are beneficial for bone ingrowth [8]. 
The majority of this work is preliminary studies in this field of research. However, there is still 
rarity of information on detailed characterization of laser metal deposition (LMD) of Ti6Al4V/Cu 
on Ti6Al4V substrate tailored for biomedical implants. 
In this research work, 1 % of copper (Cu) powder has been deposited with 99 % of Ti6Al4V 
powders through the LMD process to enhance the functionability and modification of Ti6Al4V 
alloy for bio medical application. 
2. EXPERIMENTAL PROCEDURE 
2.1. Laser Metal Deposition 
A 2 kW Ytterbium laser equipment (YLS-2000-TR) was used for the experiment and connected 
to a Kuka robotic system that does the main work configurationally. A three way nozzle is attached 
to its end which allows the passage of powders and laser beam on the substrate. The two powders 
used in the deposition process are Ti6Al4V and Cu powders respectively. The Ti6Al4V powder is 
supplied by F.J. Brodmann and Co., L.L.C., Louisiana, TLS Technik GmbH, South Africa while 
the Cu powder is supplied by the Industrial Analytical (Pty) Limited, South Africa. The particle 
sizes of the powders varied between 150 and 200 µm. A grit blasted Ti6Al4V substrate with a 
dimension of 102 X 102 X 7.45 mm3 was used. The operation was shielded by an Argon gas to 
prevent the contamination of oxygen on the deposited composites. The deposition was achieved 
with a beam diameter of 4 mm and the standoff distance of 12 mm between the nozzle tip and the 
substrate. Figure 1 shows a schematic view of the laser deposition process. The two powders were 
fed from two separate hoppers and travel through the powder hoses to the nozzle where the laser 
comes in contact and melt the powders to form the composites. The process parameters used in 
this present studies are depicted in Table 1. The laser powers (LPs) were varied between 600 W 
and 1800 W respectively while other parameters such as the scanning speed (SS), powder flow 
rate (PFR) and gas flow rate (GFR) are kept constant. Tables 2 and 3 show the chemical 
compositions of the Ti6Al4V and Cu powders used. The compositions of Cu powder have almost 
100 % of Cu in the overall powder properties. 
2.2. Microstructure 
The Kroll’s reagent was prepared for etching the mounted samples. The etchant was prepared with 
100 ml H2O, 2-3 ml HF, 4-6 ml HNO3. Each sample was etched for 15 seconds, cleaned with 
acetone, rinsed under running water and dried off prior to optical observation. The samples from 
P1 to P5 were observed under the optical microscope (Olympus BX51M) to view the macrographs 
at low magnification and the microstructures high magnifications.  
2.3. Hardness profiling 
The microhardness profiling was performed on a Vickers hardness tester named Zwick/Roell. The 
hardness was performed laterally on each sample from the top of the deposit to the substrate 
thereby making eight indentations on the sectioned surface of the deposited Ti6Al4V/Cu 
composites to the substrate. A load of 500 grams and a dwell time of 15 seconds were used 
throughout the hardness test according E384 ASTM standard [11]. 
2.4. Hank’s solution 
The Hank’s solution is an artificial body fluid used for simulating the artificial metal in place of 
bone with the body. Figure 2 shows the schematic view of the process involved in the body fluid 
simulation. The solution was deaerated and kept at 37±1 oC throughout the simulation process [2]. 
The cut samples were immersed in a beaker containing the Hank’s solution. The deposits were 
allowed to be covered by the solution in the beaker and covered with a lid as indicated in the 
schematic shown in Figure 2. A water bath was prepared and maintained at 37 oC. The beaker was 
placed in the water bath and observed. The experiment was observed for first 4 hours, 5 days and 
2 Weeks. The SEM analysis was conducted after 2 weeks of immersion in Hank’s solution. The 
inorganic solution was maintained at 37±1 oC and a PH of 6.8. 
3. RESULT AND DISCUSSION 
3.1. Microstructural characterization 
The macrographs and the microstructures of the deposited samples are presented in this section. 
Figures 3 (a) and (b) show the macrographs of sample P12 deposited at a LP of 900 W and a SS 
of 0.005 m/s and sample P15 deposited at a LP of 1500 W and a SS of 0.005 m/s respectively.                       
The buildup of the deposits was high due to the PFR of 9.9 rpm used for Ti6Al4V alloy powder. 
Good bonding was observed in all the samples with minimum fusion zone. The high PFR used are 
the main factors for the surface roughness and porosity. Porosities were observed in all the 
samples. The phase porosity analyses of samples P11 to P15 are 39.18 %, 16.20 %, 14.79 %, 8.69 
% and 12.84 % respectively. From the analyses, it can be deduced that phase porosity decreases 
from sample P11 to P14 and increased again at sample P15. In the average mean with the deviation 
of the length measurement, the porosity of samples P11 to P15 are 76 ± 40 µm, 171 ± 91 µm, 61 
± 14 µm, 125 ± 27 µm, and 142 ± 63 µm respectively. From an indication, it can be construed that 
mean length of porosity increases as the LP increases. Only sample P13 showed a deviation from 
the trend with reduced average mean length. The porosities are significant in biomedical 
applications to encourage osseointegration [10]. The rough surface topography and well-controlled 
porous structure are beneficial for bone ingrowth [8]. The entrapped gases during melting have 
limited time and solidified as pores. The globular microstructures observed after the fusion zone 
were found disappearing towards the heat affected zone.  
Figures 4 (a) and (b) show the microstructures of sample P12 deposited at a LP of 900 W and a SS 
of 0.005 m/s and sample P15 deposited at a LP of 1500 W and a SS of 0.005 m/s respectively. At 
high magnification, most of the microstructures observed were Widmanstettan structures and their 
formation was initiated by the cooling rate. At low LP, the heat input was low and this phenomenon 
tends to increase the cooling rate. At the point, the Widmanstettan structures were coarse and 
enhance brittleness. As the LP increases, the coarseness decreases and the cooling rate is slow in 
the process. Macroscopic layering was also detected in sample P15 and their existence tends to 
strengthen the properties of the composite. The β-phase of the microstructure was also established 
and stable due to the presence of 1 % of Cu. 
3.2. Microhardness profiling 
The microhardness profiling of all the samples from P11 to P15 are depicted in Figure 5. 
Indentations were made laterally from the top of the composites to the substrate. Most of the 
composites showed a high hardness value at the top and reduced as the indentation is towards the 
substrate. At the first indentation, samples P11 to P13 have the highest hardness profile values of 
411 HV, 479 HV and 401 HV respectively. Sample P14 has the highest hardness value of 408 HV 
at the fourth indentation while sample P15 has the highest hardness value of 365 HV at the seventh 
indentation. This occurrence in the variance of hardness profile can be inferred to the different 
phases such as the α- phase, (α+β) phase and β-phase the indenter encountered. The cooling rates 
also have a significant effect on the values of the hardness profiles. The hardness increases from 
sample P11 to sample P12 and decreases significantly from sample P12 to sample P15. This 
behaviour can be attributed to the loss of coarseness of the Widmanstettan structures as the LP 
increases. 
3.3. SEM and EDS analysis of the samples immersed in simulated body fluid 
The Scanning Electron Microscopy (SEM) analyses were conducted using the TESCAN 
instrument with Vega TC software to run the analysis. The analysis was done on the surface of the 
deposited composites. The machine was equipped with X-MAX instrument, an Electron 
Dispersive Spectroscopy (EDS) using INCA-point ID software to check the atomic and weight 
percent of the element present in the material. Figures 6 (a) to (d) show the SEM and the EDS 
analyses of the Ti6Al4V/Cu composite surfaces of samples P2, P3, P4 and P5 respectively after 2 
weeks immersion in the Hank’s solution. After the 2 weeks of immersion in the body fluid, the 
surfaces of Figures 6 (a) and (b) show a bone-like structure with pores. The simulated body fluid 
was used in predicting the in vivo bone bioactivity [12]. The surface micrograph shows fracture 
topography with a porous bonelike structure. The pores observed can allow the penetration of the 
body tissues through them. This structure is similar to the results [13] presented when 
hydroxyapatite-coated Ti6Al4V was characterized for medical implants. Figure 6 (c) shows the 
formation of snow flake and can also enhance the root-like growth of the body tissues into the 
flakes. Very slight pitting corrosion was observed in Figure 6 (d) and exists as a result of the 
presence of chlorides in the Hank’s solution which appreciably aggravates the environments for 
formation and growth of the pits through an autocatalytic process [14]. Cognizance needs were 
taken into consideration by [15] in order to understand the behaviour of the material to chemical 
interaction with the body fluid environment for the human body stability. In other word, any metal 
for biomedical application should demonstrate excellent pitting and crevice corrosion resistance 
in body fluid [2]. The EDS result shows the presence of Titanium (Ti), Aluminium (Al), Vanadium 
(V) and Cu. Ti shows the highest peak and has a weight percent (wt %) of approximately 95.4 wt 
%. The wt % of Al, V and Cu are 2.82 wt %, 1.69 wt % and 0.12 wt % respectively. The wt % of 
Cu was small due to the 1 % added to the Ti6Al4V and this could alter or distort the lattices of 
Ti6Al4V structure. The X ray diffraction of the Ti6Al4V/Cu composites was analysed with a 
voltage of 40 kV and a current of 40 mA. A K- β filter  was used with scanning range between 3o 
to 90o. Figure 7 shows the diffractogram of Ti6Al4V/Cu composites with an open Eulerian cradle 
configuration and the qualitative analysis result depicts the presence of Ti, V, Al and β-Ti. The Ti 
was observed to give the highest peak and the diffractogram of Ti6Al4V show peaks between 35 
and 90 [2o theta]. The peaks of Cu reacted to other alloys were less pronounced as compared to 
the peak of Ti. A K-α wavelength and K-β wavelength of 1.54443Å and 1.39225Å with a 6.6 mm 
diffraction beam anti scatter slit were used. Cu was used as the internal anode material and the 
distance of focus divergence slit was 91 mm. The phases presented show the reaction of Cu with 
Al and Ti; and shows peaks with counts between 1000 and 6000. 
4. Conclusion 
Titanium and its alloys have been proven to exhibit a good corrosion resistance due to their high 
affinity for oxygen when exposed to the atmosphere or surroundings. In this present study, the 
immersion of Ti6Al4V/Cu composites in the Hank’s solution was successfully conducted. The 
Widmanstettan structures were coarse and enhance brittleness at low laser power due to fast 
cooling rate. The properties of the composites were improved with sample P12 having the highest 
hardness value of HV490 ± 73 µm. The composites show the formation of bone-like, fracture-like 
and snowflakes structures under the SEM after 2 weeks of immersion in Hank’s solution. The 
addition of very little quantity of Cu has been established to improve the strength of the light metal 
bone implant. Further work needs to be conducted on leaching to study the durability of Cu in the 
composites. 
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Table 1: Experiment matrix [10] 
Sample 
Name 
Laser 
Power (W) 
 Scanning 
Speed (m/s) 
Powder Flow Rate 
(rpm) 
Gas Flow Rate 
(l/min) 
 
Ti6Al4V Cu Ti6Al4V Cu 
P1 600 0.005 9.9 0.1 3 1.5 
P2 900 0.005 9.9 0.1 3 1.5 
P3 1200 0.005 9.9 0.1 3 1.5 
P4 1500 0.005 9.9 0.1 3 1.5 
P5 1800 0.005 9.9 0.1 3 1.5 
 
 
 
Table 2: Chemical composition of Ti6Al4V powder 
Element Al V Fe C N2 H2 O2 Ti 
W % 6.30 3.90 0.17 0.008 0.005 0.005 0.140 balance 
 
 
Table 3: Chemical composition of Cu powder 
Properties Cu powder Hydrogen loss Apparent Density 
Composition 99.83 % 0.31 % 5.1 g/cm3 
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Figure 1: Schematic view of LMD processes [9] 
Figure 2: A schematic view of the hank’s solution process 
Figure 3:  Macrograph of the deposited Ti6Al4V/Cu samples  
(a) Sample P12 deposited at a LP of 900 W and a SS of 0.005 m/s;  
(b) Sample P15 deposited at a LP of 1500 W and a SS of 0.005 m/s  
Figure 4:  Microstructure of the deposited Ti6Al4V/Cu samples  
(a) Sample P12 deposited at a LP of 900 W and a SS of 0.005 m/s;  
(b) Sample P15 deposited at a LP of 1500 W and a SS of 0.005 m/s  
Figure 5:  Microhardness profiling of the deposited Ti6Al4V/Cu composites 
Figure 6:  SEM micrographs and the EDS analysis of Ti6Al4V/Cu composite surface after 2 
weeks Hank’s solution immersion  
(a) 900 W and 0.005 m/s;  
(b) 1200 W and 0.005 m/s;  
(c) 1500 W and 0.005 m/s;  
(d) 1800 W and 0.005 m/s 
Figure 7:   X-Ray Diffractogram of Ti6Al4V/Cu composite 
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